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Abstract 
In Iran Concrete Code (ABA), the criteria for calculation of standard deviation (s) are comprehensive and holistic. However, 
if it would be determined separately for each geographical area, significant changes could occur due to the use of concrete 
as one of the common materials. This paper analyses the criteria and redefines the acceptance standards for concrete 
compressive strength in ABA using experimental data available in Kohgiluyeh and Boyer-Ahmad and Fars provinces. The 
main hypothesis of the study is that using the statistical analysis of the test specimens for three categories C21, C30 and 
C35 in various projects located in Kohgiluyeh and Boyer-Ahmad and Fars provinces, extracting standard deviations, mean 
and the compressive strength of the specimens and their comparison with ABA proposed relationships and values, it is 
possible to propose new amendments for these areas in line with economic savings in national and international projects. 
In this study using the quantitative Strategy, library - Internet studies, field studies and in cooperation with the concrete 
labs, required information for 4878 concrete specimens was collected from the above-mentioned areas. By analysing the 
acceptance regulations for the specimens based on ABA and comparing the standard deviation of these data with the 
formulas of the regulations, significant results were obtained for the standard deviation factor correction and finally some 
formulas were suggested for the acceptance of the concrete specimens. 
Keywords: Concrete Compressive Strength; Acceptance Standards; ABA; Iran Concrete Code. 
 
1. Introduction 
Given the importance of quality in terms of strength and reliability of concrete and reinforced concrete structures, 
the concrete quality control is one of the most important programs that is addressed in general quality control structures. 
Due to increasing demand for concrete and that it needs lesser cost than other materials as well as easy availability 
throughout the world; structural concrete have the great importance. By considering the importance and extent of studies 
required for the concrete, addressing such an issue is one of the most important operation in engineering branches .since 
concrete is a major material in constructions throughout the world, and huge monies are spent for design and 
implementation of concrete structures, safety is the most important aspect, particularly because concrete structures form 
a large part of essential infrastructure in many countries. Therefore, when constructing structures, sufficient control and 
care is needed in terms of durability and enough strength against malicious threats such as earthquakes, wind and other 
factors such as corrosion against chemicals. Strength assessment of existing concrete structures is often based on 
calculation models developed for design of new structures [1]. Large institutions perform experiments in form of designs 
and projects on concrete in terms of physical and chemical characteristics. The results of them are analyzed in terms of 
considering regulations, standards and constraints for the design, concrete mix and its acceptance. Concrete performance 
and flow, strength to environmental conditions and compatibility with the compressive strength test are effective in 
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concrete mix ratios [2]. Usually the structures are designed based on the assumption of least strength for the concrete 
design but the real concrete strength is a quantitative variable value both in the workshop or laboratory [3]. In a concrete 
mix design, the purpose is to achieve an average strength which is higher than this minimum strength. On the other hand, 
it is not possible to determine any absolute minimum because from a statistical point of view, there is always a possibility 
that the test result is below a given minimum value (no matter how low it is). So reducing this amount of probability is 
not reasonable [4]. So usually the minimum strength is considered such that a certain percentage (usually between 95 to 
99 percent) of all results is more than this amount. Therefore, by definition, the specific strength is the one that more 
than 95 percent of test specimens obtain it [5].  
Study and research on concrete acceptance criteria is one of the key elements in the formulation of concrete codes 
for the most suitable concrete in terms of resistance and quality of implementation and control of economic costs.  
Calculating the standard deviation to determine the appropriate mixing plan based on environmental conditions and 
localizing the mixing patterns on the basis of the actual statistical information obtained from the laboratories will 
improve the conditions for obtaining more accurate results. 
Given that assessment and acceptance of concrete in all parts of Iran is based on Iran Concrete Code (ABA) as the 
scientific reference and controller of the longevity and durability of concrete, it is expected that the reviews and field 
studies in different provinces and areas have results similar to the Code while the other factors may reveal different 
results. In order to assess these criteria, trough the statistical study of laboratory specimens of concrete for three 
categories C21, C30 and C35 in various projects located in Kohgiluyeh and Boyer-Ahmad and Fars provinces, their 
standard deviation and mean are studied and controlled and compared with the specific strength of the design, the 
permitted standard deviation and the criteria for the evaluation of the acceptance of the laboratory specimens. 
2. Literature Review 
2.1. Definitions and Statistical Variations in Concrete Strength 
Concrete is a substance consisting of cement, water, aggregate and air and changes in the properties of these 
components and changes in issues such as transportation, placement and density of concrete lead to variations in the 
manufactures concrete strength [5]. As widely-known, pores, voids and other defects govern the most important 
mechanical properties of cement-based materials and especially in terms of strength and permeability [6–9]. On the 
other hand the difference in experimental conditions and devises cause significant differences in concrete strength. 
Despite the relevance and the potential impact on current practices for strength assessment of existing structures, the 
subject of compressive strength has received little attention in the literature [1, 10-17]. 
In The method of mix design, it is intended to make a concrete with maximum density and minimum of void space, 
leading to a concrete with very low permeability and high shrink. For this purpose, using the mathematical relations, the 
grain distribution (both aggregate and adhesive materials) are selected in such a manner that the aggregate material 
causes the mixture density to increase by filling the gap between the coarse aggregate; while in conventional methods 
curves are used that do not take into consideration the distribution of materials finer than 125 mm [18, 19]. 
Type specimens affect the compressive strength of concrete , so that the compressive strength of 28 day standard 
cylindrical samples with a diameter of 150 mm and height 300 mm , about 80 % of the compressive strength of the 28 
day and 150 mm sample cube at 28 day compressive strength of about 82% after a 200 mm sample cube . However, for 
lightweight concrete compressive strength of cylindrical and cubic samples will be nearly identical. The main difference 
is due to the resistance of cylindrical and cubic samples should aspect ratio of the sample and the sample surface load 
induced shear stress between the steel plates due to the difference in elastic modulus and Poisson's ratio of steel and 
concrete sought [20]. 
It is hard to say that which kind of samples is better. But it seems that for research purposes, the trend is using the 
cylindrical samples. However, if the sample dimensions are larger than normal, common weaknesses in samples may 
be even and shall no longer decline in strength by increased dimensions [20]. Some studies have shown that the 
experimental results in comparison with the standard limit load equal 0/25 MPa/sec, 150×300 mm for cylindrical 
specimens; the loading rate is reduced to 3% (30 times less) for compressive strength of cylindrical only 12 percent 
decrease [20]. 
Apart from the above mentioned factors, other factors also affect the compressive strength of concrete, mainly 
considered as internal factors and return to the type and amount of progress in a concrete compound [20]. The regulation 
presents a statistical method to determine the required condition to ensure the attainment of compressive strength [2]. If 
a practical standard deviation (s) is obtained from the strength tests, it determines the specific strength which the mixing 
ratios should be determined for it. Otherwise, the mixing ratios should be chosen in such a way that a conservative and 
sufficient specific strength against variation is obtained in the test results. 
A change in the type of concrete can increase the standard deviation with a dramatic increase in the amount of 
strength. Also, when the average strength is increased significantly, there may be an increase in the standard deviation; 
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however this increase might be less than the case that the standard deviation is directly proportional to the strength 
increases. Whenever the reliability of the standard deviation is reasonably doubted, the estimated standard deviation 
(which is used to calculate the necessary average strength) should be presented at the conservative side (greater necessary 
average strength). The standard deviation is done by the square root of the sum of squares divided by the number of tests 
minus 1 and showed by s [21]. The amount of x  is calculated by the sum of the results of all tests divided by the number 
of summed up values [22]. The mathematical relationship to calculate s is as follows: 
𝑠 = √
∑ (𝑥𝑖 − ?̅?)
𝑛
𝑖=1
𝑛 − 1
 (1) 
Where s is the standard deviation; x is the strength test results; x is the average of strength tests results of n successive 
specimens and n is the number of successive specimens [4].  
According to Article 9-6-4-1 of the ninth topic of national building regulations of Iran and Article 6.4.1 of ABA, 
concrete specific strength is the strength that the maximum of 5% of all measured strengths for the concrete level are 
less than that [2]. Usually the structures are designed based on assumption of a minimum certain concrete strength but 
the actual produced concrete strength in workshop or in the laboratory is a variable quantity. Therefore in a concrete 
mix design the purpose is to achieve a moderate strength which is higher than this strength [2].  
2.2. Laboratory Specimens’ Acceptance 
ABA presents the following criteria for the acceptance of laboratory specimens. According to the ABA, concrete 
specifications are accordance with the intended category that one of the following conditions is met [2].  
In testing three sequential specimens, none of the specimens’ strength is less than the specified compressive strength. 
𝑋1,2,3 ≥ 𝑓𝑐  (2) 
According to the relations three and four the average strength of the specimens x is at least 1.5 MPa more than the 
specific strength and the maximum specimens’ strength (xmin) is not lower than the final specific strength Minus 4 MPa.  
𝑋1,2,3 ≥ 𝑓𝑐  (3) 
𝑋1,2,3 ≥ 𝑓𝑐  (4) 
According to ABA, if the Equation (4) does not apply or the average strength is less than the specific strength, the 
concrete characteristics are not acceptable [23]. 
3. Materials and Methods 
In this research, the quality control of concrete is limited to the criteria for assessing the compressive strength of 
concrete in terms of adaptation with the desired category and the rules of the concrete mixing plan for its production 
(the required average compressive strength). These criteria has organized based on the results of the compressive tests 
of the samples taken at the workshop and stored in standard laboratory conditions, and finally judging the acceptance or 
non-acceptance of the quality of the concrete, which is common in most workshops Building. 
By referring to the laboratories of soil and concrete in Kohgiluyeh and Boyer-Ahmad and Fars provinces and 
meetings with the management of the laboratories and then coordination with the relevant experts, the information of 
more than 30,000 specimens of concrete tests related to 180 projects was received. The required information was 
categorized in Microsoft Excel, which included serial number of samples, sampling date, characteristic resistance, 
compressive strength and the age (sample life). 
Some of the projects that had valuable statistics and their compressive strength of the mixing plan were similar were 
categorized in three classes: C21, C30 and C35. Due to the more accurate statistics and information, other projects were 
eliminated. In this case, using the empirical formulas, all of the various sample life were transformed into 28 day 
strength. by re-examining the statistics, information, results and specially the existence of empirical formulas, all the 
statistics and information that were examined, modified, and used by empirical formulas, were Deleted and only the 
information of the actual 28 day strength samples of these projects were separated and other information (7,11,42 and 
90 day strength) was eliminated. All laboratory samples were cubic and their side dimensions were 150 mm. By 
considering the determination of specified compressive strength in the design for most projects with a 28 day strength 
age and the more application of this age in the regulations and increasing accuracy, only 28 day olds samples have been 
investigated and have been converted to cylindrical specimens.  
 
 
Civil Engineering Journal         Vol. 4, No. 5, May, 2018 
1130 
 
After further review the following steps are taken: 
 Specimens with a 28 day life in the categories C21, C30 and C35 were 3147, 1578 and 153 cases and analyzed 
based on ABA criteria provided in Table 1. 
 Specimens are analyzed by averaging three specimens and binary averaging three specimens (first and Second, 
second and third and first and third) based on ABA and the criteria for acceptance C21, C30 and C35 are discussed. 
Table 1. Number and percentage of specimens acceptable by ABA 
  
 
 
4. Results 
After calculating the standard deviation and the mean values, the charts of each category were drawn and presented 
as the Figures 1.4. It should be noted that the mean value and standard deviation of the specimens are calculated by the 
effect of Kilogram (kg) and in order to be converted into Newton (N) the amount 9.80665 ~10 should be considered.  
 Average strength of the specimens accepted for Category C21 is 283.98 (Kg/cm2) and the standard deviation of the 
accepted specimens in the same category is5.45. However, ABA acceptable standard deviation is 5.36 [23]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Mean specific strength and the standard deviation for ABA acceptable specimens C21 
 The mean specific strength of 915 accepted specimens for the concrete category C30 is 360.03 (Kg/cm2) and this 
amount is equal with ABA. The standard deviation of accepted specimens in this category is 3.5997 while ABA 
accepted standard deviation is 6.71 [23].  
 
 
Concrete 
category 
The total number 
of specimens 
Number of acceptable 
specimens based on ABA 
Percent of acceptable 
specimens based on ABA 
C21 3147 2130 67 
C30 1578 915 58 
C35 153 81 58 
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Figure 2. Mean specific strength and the standard deviation for ABA acceptable specimens C30 
 
 The mean specific strength of 81 accepted specimens for the concrete category C35 is 388.04 (Kg/cm2) and this 
amount is equal with ABA. The standard deviation of accepted specimens in this category is 3.9062 while ABA 
accepted standard deviation is 6.71 [23]. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Mean specific strength and the standard deviation for ABA acceptable specimens C35 
5. Discussions 
According to the proposed relations of Article 9-6-4-4 of the ninth topic of national building regulations, the necessary 
mean compressive strength is calculated by the maximum value of the following equations [2]: 
𝑓𝑐𝑚 = 𝑓𝑐 + 1.34𝑠 + 1.5 (5) 
𝑓𝑐𝑚 = 𝑓𝑐 + 2.33𝑠 − 4  (6) 
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Also the necessary compressive strength when the results for determining the standard deviation are not available is 
presented for different categories in Table 2. Equalizing the two sides of the equation presented above (𝑓𝑐𝑚 − 𝑓𝑐) and 
the amount written in the third column of Table 2 give the allowed standard deviation values by the code presented in 
Table 3. 
Table 2. The necessary compressive strength when the results for determining the standard deviation are not available [2] 
Concrete category The necessary compressive strength 𝐟𝐜𝐦 − 𝐟𝐜 
C21 fcm − fc = 8.5 fcm − fc = 8.5 
C30,C35 fcm − fc = 10.5 fcm − fc = 10.5 
 
Table 3. Allowed standard deviation values of Iran Concrete Code (ABA)  
Concrete 
category 
The standard deviation obtained by both 
equations 
The acceptable (allowed) standard 
deviation 
C21 
1.34s + 1.5 = 8.5 ⇒ s = 5.22 
s = 5.36 
2.33s − 4 = 8.5 ⇒ s = 5.36 
C30 
1.34s + 1.5 = 10.5 ⇒ s = 6.71 
s = 6.71 
2.33s − 4 = 10.5 ⇒ s = 6.23 
C35 
1.34s + 1.5 = 10.5 ⇒ s = 6.71 
s = 6.71 
2.33s − 4 = 10.5 ⇒ s = 6.23 
5.1. A Comparison between the Standard Deviation of ABA Acceptable Specimens and the Allowed Standard Deviation of 
ABA 
For the category C21 the allowed standard deviation is 5.36 MPa [23]. On the other hand, as shown in Table 4 for 
acceptable laboratory specimens the standard deviation is 5.40 MPa. By comparing these two values it can be concluded 
that the allowable standard deviation of ABA is almost equal with the standard deviation of laboratory specimens and 
there is no need to provide new equation. For concrete category C30 the ABA allowed standard deviation is 6.71 MPa. 
On the other hand, as shown in Table 4 for acceptable laboratory specimens the standard deviation is 3.60 MPa. By 
comparing these two values it is concluded that the ABA allowed standard deviation is higher than the laboratory 
specimens’ standard deviation. So a new value can be provided for ABA equation.  
For concrete category C35 the ABA allowed standard deviation is 6.71 MPa. On the other hand, as shown in Table 
4 for acceptable laboratory specimens the standard deviation is 3.90 MPa. By comparing these two values it is concluded 
that the ABA allowed standard deviation is higher than the laboratory specimens’ standard deviation. So a new value 
can be provided for ABA equation as well. 
Table 4. The mean values and standard deviations of the specimens 
𝐬 𝐟𝐜𝐦 Concrete category 
5.4 28.4 C21 
3.6 36.0 C30 
3.9 38.8 C35 
5.2. Providing the New Ultimate Equations 
By analyzing the standard deviation values obtained from acceptable laboratory specimens by the Code and 
calculating the related coefficients the following relations are presented. 
A. Providing new equations when the minimum of 15 specimens are available. In this case it is possible to obtain a 
new relation by linear interpolation in two categories C21 and C30 of the specimens acceptable in ABA. 
fcm − fc = a × s + b  (7) 
28.4 − 21 = a × 5.46 + b ⇒ 7.4 = 5.46a + b  (8) 
36 − 30 = a × 3.6 + b ⇒ 6 = 3.6a + b (9) 
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B. With regard to the equations eight and nine, the 𝑎 value is equal with 0.75 and 𝑏 is equal with 3.3 and by placing 
them in equation 7: 
fcm = fc + 0.75s + 3.3  (10) 
Where 𝑓𝑐𝑚is the mean strength of laboratory specimens; 𝑓𝑐is specific strength of the design and s is the standard 
deviation of the laboratory specimens. 
C. Providing new equations when the number of specimens is less than 15. In this case by placing the standard 
deviation obtained from the specimens in Table 5, it is possible to obtain a new equation for different concrete 
categories. 
Table 5. New equations in the absence of at least 15 specimens 
Code equations New equations standard deviation Category 
𝐟𝐜𝐦 = 𝐟𝐜 + 𝟖. 𝟔 fcm = fc + 7.4 5.456 C21 
𝐟𝐜𝐦 = 𝐟𝐜 + 𝟗. 𝟓 fcm = fc + 6 3.6 C30 
𝐟𝐜𝐦 = 𝐟𝐜 + 𝟏𝟎. 𝟓 fcm = fc + 6.2 3.9 C35 
6. Conclusion 
The present study analyzed equations proposed by ABA for the standard deviation and necessary average 
compressive strength in Kohgiluyeh and Boyer-Ahmad and Fars provinces. Given that in all parts of Iran the assessment 
and acceptance of concrete is performed based on ABA which is the scientific reference and controller of the longevity 
and durability of concrete in Iran, it is expected that the reviews and field studies in different provinces and areas of the 
country have results similar to the Code. But few test and retest have been conducted on these relations in different 
locations to evaluate their performance and this is the gap that the present study attempts to cover. Studies and surveys 
conducted in this paper make it clear that ABA proposed equations except the relations related to concrete category C21 
are overestimated and lead to high costs at the macro level economically. Therefore, with respect to the values obtained 
for categories C30 and C35, it can be understood that ABA equations can be subject to revision and correction to 
determine the mix design of these two categories and the proposed equations are presented as follows.  
A. Providing new equations when the minimum of 15 specimens are available (Equation 10). 
B. Providing new equations when the number of specimens is less than 15, by placing the specimen standard deviation 
in the proposed equation in the paragraph A it is as follows: 
Table 6. New equations in the absence of at least 15 specimens 
New equations Category 
𝐟𝐜𝐦 = 𝐟𝐜 + 𝟕. 𝟒 C21 
𝐟𝐜𝐦 = 𝐟𝐜 + 𝟔 C30 
𝐟𝐜𝐦 = 𝐟𝐜 + 𝟔. 𝟐 C35 
7. References  
[1] S. G. Hansen, J. T. Lauridsen, and L. C. Hoang, “Experimental and statistical investigation of the compressive strength anisotropy 
in structural concrete”, Cement and Concrete Research, 107 (2018): 304–316, doi:10.1016/j.cemconres.2018.02.011. 
[2] Daftar-e tadvin va tarvij-e moqarrarāt-e melli-ye sāxtemān, “Tarh va ejrā-ye sāxtemānhā-ye betonārmeh [Design and construction 
of concrete structures]”. 4th ed. Tehran: Toseʿe-ye Iran Press, (2013). 
[3] American Concrete Institute, Building code requirements for structural concrete (ACI 318-08) and commentary. Translated by M. 
Davoud-Nabi, A. Ghorbani & M. Lajvardi. Tehran: Elm-e Omrān Press, (2008). 
[4] Institute of Standards and Industrial Research of Iran, Taʿyin-e moqāvemat-e fešāri-ye āzmunehā-ye beton: estāndārd-e 3206 
(Determining the compressive strength of concrete specimens: Standard 3206). Tehran, (1992). 
[5] American Concrete Institute, Building Code Requirements for Structural Concrete (ACI 318-95) and Commentary (ACI 318R-
95).MI: Farmington Hills, (1996). 
[6] Li, D., Li, Z., Lv, C., Zhang, G., & Yin, Y., “A predictive model of the effective tensile and compressive strengths of concrete 
considering porosity and pore size”, Construction and Building Materials, 170 (2018): 520–526. 
doi:10.1016/j.conbuildmat.2018.03.028. 
[7] Beaudoin, J.J., Feldman, R.F., Tumidaiski, P.J., “Pore structure of hardened Portland cement pastes and its influence on 
properties”, Adv. Cem. Based Mater. 1 (5) (1994): 224–236, doi: 10.1016/1065-7355(94)90028-0. 
Civil Engineering Journal         Vol. 4, No. 5, May, 2018 
1134 
 
[8] Röβler, M., Odler, I., “Investigations on the relationship between porosity, structure and strength of hydrated Portland cement 
pastes I. effect of porosity”, Cem. Concr. Res. 15 (2) (1985): 320–330, doi: 10.1016/0008-8846(85)90044-4. 
[9] Zhang, G., Li, Z., Zhang, L., Shang, Y., & Wang, H., “Experimental research on drying control condition with minimal effect on 
concrete strength”, Construction and Building Materials, 135 (2017): 194–202, doi:10.1016/j.conbuildmat.2016.12.141. 
[10] Hughes, B. P., Ash, J. E., “Anisotropy and failure criteria for concrete”, Matériaux et Constructions, 3(6) (1970): 371–374. Doi: 
10.1007/bf02478760. 
[11] Johnston, C., “Anisotropy of concrete and its practical implications”, Highway Research Record, 423 (1973): 11–16. 
[12] Mehta, P., & Leshchinsky, A. (1990). “Anisotropy of Concrete Strength. Cement”, Concrete and Aggregates, 12(2) (1990), 117. 
Doi: 10.1520/cca10280j 
[13] F.M. Bartlett, MacGregor JG, “Cores from High-Performance Concrete Beams”, (1995). ACI Materials Journal, 91(6) (1995): 
567-576, doi: 10.14359/1377. 
[14] ERGÜN, A., KÜRKLÜ, G., “Assessing the relationship between the compressive strength of concrete cores and molded 
specimens”, Gazi University Journal of Science, 25 (3) (2012): 737–750. 
[15] J.G.M. Van Mier, “Strain-softening of Concrete under Multiaxial Loading Conditions”, Technische Hogeschool Eindhoven, 
(1984). 
[16] Den Uijl, J.A., Yang, Y., “Comparative Study of Shear Capacity on Beams of 50-years Old and New Concrete - Measuring 
Report”, Internal report Delft University of Technology, (2009). 
[17] Van Mier, J.G., “Fracture Processes of Concrete”, CRC Press, (2017). Doi: 10.1201/b22384. 
 [18] Sharon Hoo Xi., Al-Omaishi N., Tadros, M. K., “Creep, Shrinkage, and Modulus of Elasticity of High-Performance Concrete”, 
ACI Materials Journal, 98(6) (2001): 440-449. doi: 10.14359/10842 
 [19] Hillemeier, B.H.A., “High Performance Concrete Specialized for Acid Resistance”, Concrete and Development First 
International Conference, Tehran, Iran, (2001). 
[20] Mostofinejad D. (2011). “Tarrāhi-ye sāzehā-ye beton ārmeh [Design of reinforced concrete structures]”, 3rd Edition, Tehran: 
Arkān-e Dānesh.  
[21] American Concrete Institute, “Building Code Requirements for Structural Concrete and commentary (ACI 318R-05)”, MI: 
Farmington Hills, (2005). 
[22] American Concrete Institute, “Building Code Requirements for Structural Concrete (ACI 318M-02) and commentary (ACI 
318R02)”, MI: Farmington Hills, (2005) 
[23] Sāzmān-e modiriyat va barnāmerizi-ye kešvar, moāvenat-e omur-e fanni, daftar-e omur-e fanni va tadvin-e meʿyārhā. “Āyin 
nāme-ye beton-e Iran (ĀBĀ) [Iran Concrete Regulation]”. Tehran: Management and Planning Organization of Iran Press, (2014). 
